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(Accepted for publication, August 10, 2015)Abstract : The mechanism in the formation of periodontal polyp has been established in several histologicalstudies but details on cell differentiation and/or proliferation have not been elucidated. In the presentstudy, we established a convenient and possible experimental system using ddY mice. Briefly, pentobarbitalsodium (Somnopentyl) was injected into the abdominal cavity of the mouse followed by access cavitypreparation on maxillary first molar using low speed ½ round bur (Merufa Inc), exposing the pulp andthen allowed to perforate the floor of the pulp chamber. Observation was done over time until 6 monthsusing micro CT (m_CT) image photography. Results with transmission image using m_CT showed theexpansion in the width of the periodontal ligament in the furcation area. The lesion was excised as onemass and examined histopathologically. The granulation tissue was covered with stratified squamousepithelium. The present experimental technique has been confirmed to be effective in analyzing theformation of periodontal polyp induced by mechanical perforation.Key words: Periodontal polyp, Micro-CT, Histopathology, Experimental model
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IntroductionVarious periodontal tissue reactions occur afterpulpectomy. Removal of vital pulp under local anesthesiacauses a response in periapical tissue due to physical andchemical trauma. In general, the location of lesion is differentwith the anatomical structure of the root canal. Pulpotomy indeciduous molars is a common treatment in Pediatric Dentistry.However, treatment of deciduous teeth is more complicatedthan permanent teeth due to the small anatomy and youngage. In other words, accidental perforation of the floor of thepulp chamber may occur when cutting the vital pulp of primaryteeth. Injury to the periapical tissues is also possible duringroot canal treatment of permanent teeth by protrusion ofinstruments like broach into the apical foramen.Lateral perforation is one of the causes of root canal failureleading to acute traumatic periodontitis. A large perforationcauses the growth of chronic granulation tissue. In molars,perforation at the bifurcation of roots causes acuteinflammation which then proceeds to chronic inflammation
often resulting to proliferative dermatitis in young patients.In this case a polyp is formed which is called periodontal polyp.Following the methodology of Osuga et al. 1),  chronicinflammation of molar furcation in mice was induced resultingto periodontal ligament polyp formation. Observation of theprogression of the lesion was made possible using micro CT(m_CT)2, 3), and histopathological features were analyzed usinga light microscope.
Materials and MethodsA total of eight, 8-week old ddY mice were used in theexperiment (Table 1). The mice were acclimatized to theenvironment for 2 weeks prior to the experiment. The animalswere housed in a temperature controlled breeding room witha 12 hour day and night cycle and had free access to sufficientfood and water throughout the study. Pentobarbital sodium(Somnopentyl ) was injected into the abdominal cavity of themice and then fixed on a plate. Access preparation on themaxillary first molar was carried out with low speed ½ roundbur allowing the perforation of the floor of the pulp chamber1).The study was approved by the Animal Committee ofMatsumoto Dental University.
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Examination with m_CTWhile the animals were under general anesthesia,transmission images were taken using m_CT (Rigaku, Tokyo,Japan) with a tube voltage of 80 kv, tube current of 160.0 Aat a magnification factor of 6.7× and measurement time of 30s. Under these conditions, the specimens were sectioned at0.16 mm and photographs were taken preoperatively,immediately after surgery and over time until 6 months.
Histopathological examinationAfter the observation period, the maxilla was excised enbloc, fixed in 4 % neutral buffered formalin solution anddecalcified in 10 % EDTA solution. Then after, specimens weredehydrated in increasing series of alcohol, embedded inparaffin, horizontally sectioned into 4 m, stained with HE andexamined under the microscope.
Results
m_CT image of the control of the first molar revealed intact
crown, no defect on enamel and dentin was seen neither on the
root. However, transmission image from the pulp cavity to the
apex was not clear (Fig. 1-a, b). Histologically, the periodontal
ligament fibroblasts were arranged regularly towards the alveolar
bone surface from the cementum (Fig. 1-c, d).
At 2 weeks, compared to immediately after surgery, m_CT
showed changes in the alveolar bone and periodontal ligament
spaces at the apical part (Fig. 2-a, b). Histopathologically, a small
abscess was formed just below the floor of the pulp chamber. The
fibroblasts were arranged haphazardly and formed granulation
tissues. Pulp cavity had disintegrated. The outermost layer was
covered with stratified squamous epithelium (Fig. 2-c, d).
At 3 months, the apical part of the root has expanded compared
to immediately after surgery. Resorption and destruction of alveolar
bone just below the floor of the pulp chamber was clearlyobserved. Also, the crown has completely collapsed and themesial and palatal roots were completely separated (Fig. 3-a,b). Histopathologically, granulation tissue with proliferationof fibroblasts was formed at the area of perforation in thebifurcation. Moreover, fibrous tissue formation was evidentin the area of bone resorption (Fig. 3-c, d).At 6 months, alveolar bone below the floor of the pulpchamber has been resorbed and destroyed continuouslycompared to immediately after surgery (Fig. 4-a, b).
Histopathologically, the cellular components of granulationtissue have been reduced and the tissue underwent fibrosis.The alveolar bone at the bifurcation consists of slightlyirregular bone trabeculae and chromatophilic remodeling linesstained with hematoxylin as well new bone formation (Fig. 4-c, d).
DiscussionIn clinical dentistry, perforation of the floor of the pulpchamber occurs accidentally during cavity preparation.Because of this, various dental materials have been producedto seal the perforation, however results were not necessarilysuccessful. In this regard, it is important to clarify the conditionof the periodontal tissue near the furcation specifically thelesion created by accidental perforation of the floor of the pulpchamber. Imaizumi et al 4) performed a histopathological studyon the development of lesions after perforation of bifurcationof rat molars. Oka et al 5) also did a similar study. However, theemphasis of the results was on the anatomy of the lesion. Onthe other hand, researches in the treatment of furcationperforation have also been made by Kudoh et al 6) and Ishidaet al.7).Periodontal polyps are due to dental caries and faulty rootcanal treatment such as perforation of the floor of the pulpchamber. Granulation tissue is then formed with sustainedstimulation of chronic periodontal ligament infection andsufficient blood supply. Nakamura et al 8), showed a detailedhistopathological examination of the changes in theperiodontal ligament and growth of granulation tissue.However, the study was limited to histopathologicalexamination.The present study used experimental animals in an attemptto establish a similar experiment system with Osuga et al.1), inwhich no treatment was used. In comparison with the control
group, at 2 weeks, the normal physiological sequences in the
periodontal ligament have been disturbed; the area was filled
granulation tissue and with proliferating fibroblasts. The
granulation tissue was covered with stratified squamous
epithelium. Histopathological features observed at 2 weeks, 3
months and 6 months were almost similar. Due to the experimental
perforation of the floor of the pulp chamber in mice, growth of
chronic inflammatory granulation tissue was found to be the main
tissue change without causing purulent inflammation. Recently,
several studies mentioned that the cellular components of the
granulation tissue were derived from the periodontal ligament stem
cells (PDLSCs)9-11).
We utilized bone marrow transplanted GFP mouse to analyze
cell differentiation and migration in periodontal tissue. Muraoka
et al. 12) showed that macrophages and osteoclasts as well as
periodontal ligament fibroblasts were from the bone marrow.
                               2 week        12 week       24 week      Total
Experimental               2                  2                  2              6
Control              2                                                                2
Table 1. Number of Experimental Animals
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Figure 1. Control specimen. a: m_CT image of non-treatment; b: m_CT image of pre-fixation of 1-month after the taking m_CT
 (a); c: Histopathological view of the same part of the m_CT image of b, Scale bar=0.5mm; d: Enlarged view of c,  Scale bar=100mm.
Figure 2. 2-week-specimen. a: m_CT image of pre-treatment; b: m_CT image of 2-week specimen; c: Histopathological view of
the same part of the m_CT image of b, Scale bar=0.5mm; d: Enlarged view of c, Scale bar=100mm.
Figure 3.  3-month-specimen. a: m_CT image of pre-treatment; b: m_CT image of 3-month-specimen; c: Histopathological view of
the same part of the m_CT image of b, Scale bar=0.5mm; d: Enlarged view of c, Scale bar=100mm.
Figure 4.  6-month-specimen. a: m_CT image of pre-treatment; b: m_CT image of 6-month-specimen; c: Histopathological view of
the same part of the m_CT image of b, Scale bar=0.5mm; d: Enlarged view of c, Scale bar=100mm.
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Kaneko et al. 13) also showed that the periodontal ligament
fibroblasts were derived from the bone marrow. On the other hand
Tsujigiwa et al. 14) showed that bone marrow mesenchymal cells
could also differentiate into odontogenic cells. Hence, further
analysis to clarify the nature of cells making up the periodontal
membrane polyp is necessary.
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